Twenty-one human immunodeficiency virus (HIV)-positive patients, including 11 acquired immunodeficiency syndrome (AIDS)-free patients with immune thrombocytopenic purpura (ITP), were studied to determine whether the megakaryocytWplatelet lineage was infected by HIV. Because purification of platelets did not reach a level sufficient for unequivocal results by the polymerase chain reaction, in situ hybridization was thus performed. Purified marrow megakaryocytes (MK) from 10 HIV-infected ITP patients were studied using a "S HIV tiboprobe, antisense of an HIV ENV sequence. HIV transcripts were clearly detected in MKfrom five of these 10 patients, although heterogeneity among MK was ob-EVERAL HEMATOLOGIC disorders, including S mainly cytopenia,"' are associated with human immunodeficiency virus (HIV) infection. Among those disorders, thrombocytopenia is a frequent event that, in contrast to other cytopenia, may occur at all stages in the natural history of HIV infe~tion.'.~ The main features of thrombocytopenia in asymptomatic HIV-infected patients are indistinguishable from classical immune thrombocytopenic purpura (ITF'), ie, increased peripheral platelet destruction, increased marrow megakaryocyte (MK), the presence of antiplatelet antibodies or immune complexes in the seand the presence on the platelet surface of immune c~mplexes'.~ and/or specific antiplatelet antibodie~.~.'.'' The etiology of thrombocytopenia in HIV-infected patients remains unknown and no direct relationships between the virus and the mechanisms of immune destruction have been established. However, in addition to conventional treatments for idiopathic ITP,2,'," zidovudine has a favorable effect on the platelet count, suggesting a direct or indirect role of HIV.I2." One hypothesis is that HIV infects MK, the marrow platelet precursors, leading to the expression of viral proteins on platelets. Several reports have provided arguments in favor of infection of hematopoietic cells by HIV,14-'' and it has recently been shown that MK from patients with full-blown acquired immunodeficiency syndrome (AIDS) are HIV infected. I6 In this study, we investigated whether HIV could be detected in MK from HIV-infected AIDS-free thrombocytopenic patients.
MATERIALS AND METHODS
Patients. Twenty-one HIV-infected patients were included in this study after giving their informed consent. Their clinical and immunologic characteristics are given in Table 1 . Fifteen patients had a clinical course of ITP with platelet counts before therapy of less than 50 x 109/L. Four of these 15 patients had AIDS (cases 15, 16, 20, and 21), while the others were AIDS-free (patients 1 through 10 and 13) and fell into stage 11,111, or IVA of the Centers for Disease Control (CDC) classification. The remaining six patients had a mild thrombocytopenia (between 77 x 109/L and 120 x 109/L) (cases 11, 12, 14, 17, 18, and 19) and four of them showed a high p24 serum level (patients 11,14,17, and 19) . None of the patients were receiving zidovudine at the time of the study.
Bone marrow (BM) aspirates were obtained from the patients and from normal donors for BM transplantation (BMT) and from two HIV-uninfected patients with idiopathic ITP. BM was drawn into calcium and magnesiumfree phosphate-buffered saline (PBS) containing 13.6 mmol/L Na citrate, 11.1 mmol/L glucose, 1 mmol/L adenosine, 2 mmol/L theophylline, 2.3 x mol/L prostaglandin E, (pH 7 and 300 mOsm/L) (MK medium)" and fractionated over a discontinuous Percoll (Pharmacia, les Ulis, France) density gradient as previously reported,18 with slight modifications. Briefly, nucleated marrow cells were counted and suspended in Percoll medium to a final density of 1.020 g/cm3 and at a cell concentration of 10 X lo6 cells/mL.
Two densities of Percoll, 1.077 and 1.050, were overlaid on a centrifuge tube. Marrow cells suspended in the 1.020 Percoll solution were deposited on top of the 1.050 layer and then centrifuged at 3OOg for 30 minutes. Cells located at the 1.020/1.050 and 1.050/1.077 interphase were recovered. The first cell fraction was enriched up to 10-fold in recognizable MK, while the second fraction that was used to set up cultures was enriched in immature cells.
Cultures were performed from the marrow of HIV-infected and of normal donors using the cell fraction with a density of 1.050 to 1.077. Cells were cultured in suspension for 12 days in Iscove's medium containing 1% deionized albumin (bovine serum albumin, Cohn fraction V; Sigma Chemicals, St Louis, MO), 10% plasma from patients with aplastic marrow, and 5% conditioned medium from lymphocytes stimulated by phytohemagglutinin as previously de~cribed.'~ Flasks were incubated in a fully humidified atmosphere with 5% CO, at 37°C. The percentage of MK grown was evaluated after labeling of cytospin preparations Cell separation.
MK cultures.
1698 LOUACHE ET AL with an anti-von Willebrand factor (vWF) polyclonal antibody (see below). The protocol used was derived from the work of Harper et al,zo with a few modifications. Cells were rinsed twice with modified PBS (MK medium) and resuspended at lo6 cells/mL. They were cytocentrifuged on glass slides for 1 minute at 700 rpm, air dried, and fixed in 4% paraformaldehyde dissolved in phosphate buffer (pH 7.4) for 3 minutes, as according to Lawrence and Singer.*' Slides were then stored in 70% ethanol until use. A "S-labeled HIV-1 RNA probe (Dupont NEP 200, Biotechnology Systems Division, Paris, France), antisense of an ENV sequence, was used in this study. The riboprobe (lo6 cpm) contained in 20 pL of 50% formamide (BRL, Cergy Pontoise, France), 2X SSC (0.6 mol/L NaCI, 0.06 mol/L sodium citrate, 10% dextran sulfate [Pharmacia]), and 10 mmol/L dithiothreitol was hybridized to cells at 52°C for 16 hours. Each batch of the HIV probe was tested for its background on cell lines and normal MK. The stringency of the baths was modified according to these results and in some cases an RNAse treatment was added. In some experiments, slides were washed sequentially at 52°C three times in three baths each for 5 minutes: (1) 2X SSC, (2) 2X SSC/50% formamide, (3) 1X SSC in the absence of RNAse treatment. However, in most experiments, an RNAse digest (5 kg/mL RNAse A in 2X SSC) for 10 minutes at 37°C and two additional baths (0.5X SSC and 0.1X SSC at 52°C) were required to get a high specific signal. Slides were then dehydrated through graded ethanol and autoradiographed for 7 to 14 days with nuclear track emulsion NTB 2 (Kodak-Pathb, Marne la VallCe, France) developed and stained with May-GriinwaldGiemsa.
Cells from each patient were subjected to the in situ hybridization procedure in at least three separate experiments. Results were compared with those of negative and positive controls simultaneously processed according to the same protocol of hybridization.
As a positive control, a "S-labeled antisense murine p actin riboprobe (a generous gift from Dr F. Dautry, Villejuif, France) of the same size was used. Controls for nonspecific binding were "S-labeled riboprobes of pBR322 (Dupont NEP 227; Biotechnol-
In situ hybriduution.
ogy Systems Division), X phage, and p globin. Positive and negative controls for the HIV probe were the H9 and U 937 cell lines infected by human T-lymphotropic virus type-IIIB (HTLV-IIIB; an HIV isolate) or MK-enriched preparations from HIV-negative ITP patients, respectively. The sense of the Gag sequence was not used because it gave a high background on cells from normal subjects.
The number of silver grains per MK was counted by two separate investigators under a 6 3 0~ magnification with a difference of less than 10%.
Indirect immunofluorescence for the detection of HIV proteins was performed on cytospin preparations fixed for 1 minute in methanol. Two monoclonal antibodies (MoAbs) directed against Gp 120 and p18, a generous gift from Dr R.M.
Vazeux (Institut Pasteur, Paris, France), and a commercial antibody against p24 (Biosoft, Paris, France) were used alone or in combination. Antibody binding was shown using a sheep Fab; directed against mouse IgG conjugated to fluorescein (Silenus, Hawthorn, Australia). To identify MK, double staining was also performed using a rabbit polyclonal antibody against vWF (Dakopatts, Copenhagen, Denmark) and goat IgG against rabbit IgG conjugated to rhodamine (Nordic, Tillburg, Denmark). Control antibodies were irrelevant MoAbs anti-CD3 and B, (Coulter, Margency, France) of the same subclass. Cells were examined under a Zeiss microscope equipped for both fluorescein and rhodamine fluorescence (Carl Zeiss, Oberkochen, Germany).
The anti-p24 antibody gave a much brighter specific fluorescence than the anti-Gp 120 and -p 18 antibodies on HIV-infected cell lines such as U937. Therefore, only this antibody was used to study routinely fresh marrow purified MK because the number of available slides was limited. In contrast, these three antibodies alone or in combination were used for cultured MK.
Platelet-rich plasma was obtained from the peripheral blood of five HIV-infected ITP patients and collected into citrate-EDTA anticoagulant. To obtain a large number of platelets uncontaminated by other peripheral blood cells, HIV-infected 1°F' patients were studied for 3 to 7 days after splenectomy when their platelet count had increased above 250 X Immunolubeling.
Isolation of platelets.
For personal use only. Platelet a n t i w v deietmination. cssentially for Gp 160 (Fig 1) . In contrast, only in a minority of nonthrombocytopcnic HIV-infcctcd paticnts could anti-HIV antibodics be cluted from platelets (data not shown).
Deiecrion of unti-HIV antihodics in platelet elitatex

RESULTS
Presence of anti-HIV antibodies
These data indicatc that platelets from thrombocy- We uscd thc polymerase chain reaction (PCR) tcchniquc to dctcrminc whcthcr platclcts wcrc infcctcd by HIV. This tcchniquc has thc advantagc of bcing very sensitive and avoids thc nccd for BM aspiration bccausc it can be pcrformcd on platelct RNA. It was possiblc to dctect HIV transcripts in RNA cxtractcd from purified platclcts. Howcvcr, thc T-ccll rcccptor p chain RNA was also prcscnt by PCR in thcsc RNA, mcaning that our platclct prcparations wcrc not purc cnough to give unequivocal rcsults. Thercforc, we focused our study on MK. Wc invcstigated the prcscncc of HIV proteins or mcsscngcr RNA (mRNA) in frcsh marrow MK from 10 HIV-infcctcd ITP paticnts by immunofluorcsccncc and in situ hybridization. A discontinous Pcrcoll gradicnt was prcparcd to obtain a fraction cnrichcd in MK (dcnsity 5 1.050). and MK wcrc spccifically idcntificd by staining with an anti-vWF antibody.
Thc pcrccntagc of MK in the 1.050 fraction varied from 0.5% to 4% according to thc samplc. Two patients werc not cntircly cvaluablc bccausc thc numbcr of MK was low (Icss than 20 pcr slidc).
Exprcssion of HIV protcins (p 24) was studied by immunofluorcsccncc using an MoAb. MK idcntificd by indirect immunofluorcsccncc against vWF (Fig 2B, D , and F) wcrc positivc for thc p24 HIV protein in 3 of 10 cascs. In one patient, significant staining was obscrvcd in MK (Fig   2A and C) as compared with irrelevant antibody (Fig 2E) . In Fig 2C and D , positive and negativc MK wcrc prcscnt side by side. Positivc MK rcpresentcd about 25% of thc MK. In thc two othcr patients, staining was weak but abovc background fluorescence obscrvcd either with an irrelevant antibody or with the same MoAb on normal MK. A strong immunofluorescence labeling was obscrvcd in thc HIVinfcctcd U 937 cell line (data not shown). No correlation was obscrvcd between MK labeling with the anti-p24 antibody and the lcvcl of plasma p24 in thc patients.
Prcscncc of HIV RNA on frcsh marrow MK was studied by in situ hybridization tcchniquc. Mcgakaryocytcs from fivc (patients 4, 6, 7, 8, and 13) of cight cvaluablc patients with marked thrombocytopenia werc positivc with the HIV probc as illustrated in Fig 3A and B, whilc the thrcc othcr patients wcrc ncgativc. Among the positivc paticnts, only a fraction of thcir MK gavc a strong signal ( > 300 grains/ MK) as shown in Fig 3A, in which we could scc a ncgativc and a positivc MK sidc by sidc.
Specificity of in situ hybridization was asscsscd using sevcral controls. As negativc controls, the MK-cnrichcd prcparations from HIV-infccted patients wcrc hybridizcd with cithcr a PBR 322 or A phagc or the p globin chain probes. Using thcsc probes in scparatcd cxpcrimcnts lcss than 50 silvcr grains werc obscrvcd on MK (Fig 3C) . All counts of the silvcr grains werc pcrformcd visually by two scparatc invcstigators. However, when the HIV probc was applicd to MK-cnriched preparations from HIV-ncgativc ITP paticnts, a higher nonspecific hybridization was ob- 
MK were purified from marrow of ITP patients by a discontinuous Percoll density gradient and were double-stained by an anti-p24 MoAb (fluorescein isothiocyanate (FITC]) (A and C ) and anti-vWF polyclonal antibody (tetramethylrhodamine-isothiocyanate m l T C ] ) (E and D). As shown in (C) and (0). a positive MK and a negative MK (arrow) were present side by side. As controls, MK were double-stained by an anti-CD3 (T3) MoAb (FITC) (E) and anti-vWF polyclonal antibody (F).
For personal use only. on August 30, 2017. by guest www.bloodjournal.org From Distribution of HIV RNA-positive MK was studied by counting visually the number of silver grains per cell. High numbers of silver grains per cell could be counted visually because the average size of MK was from fourfold to eightfold larger than that of any other cell type, although this quantitation was quite tedious. As shown in Fig4A and B, the positive fraction that rcprcsented about 30% of the MK population was quite variable from patient to patient. Another fraction had a number of silver grains identical to that seen in the controls (up to 200 grains). Some MK showed an intermediate number of grains (from 200 to 300). suggesting low-level expression of HIV transcripts. In one patient (patient 3), a small number of MK ( < 10%) showed this pattcrn of hybridization, while the other MK had a similar number of grains as the HIV-negative MK (Fig4). It is noteworthy that thrcc of the five cases positive by the in situ hybridization technique were also positive by immunofluorescence (patients 4.7, and In).
When marrow cells of the 1.050 fraction other than MK were re-examined, no positive hybridization was observcd with the HIV probe. In the 1.077 cellular fraction, few lymphocyte-like cells ( <O. 1%) hybridized, while granulocytic precursor cells were negative.
HIVtranscripts and proteins were not detected in M K p w n in vitro. In a second set of experiments, we investigated the presence of HIV in MKgrown in vitro in a liquid culture technique that has the advantage of providing a large number of MK from a BM sample. As previously shown, these MK are not mature MK that survived in our culture conditions; they derived from the in vitro differentiation of MK progenitors similar to colony-forming units-MK (CFU-MK).'" All 21 patients were studied by this technique. Table 1 shows that the percentage of MK obtained in culture was highly variable from patient to patient (undetectable to 80c'r). This great variability is also observed with normal marrow samples.'' No morphologically recognizable MK could be grown in vitro from samples from two of the seven patients with AIDS and their pcrccntage was low in the remaining five. In contrast, most cultures of HIV-infected AIDS-free patients with ITP showed a percentage of differentiating MK similar to normal marrow cultures, although the absolute number of cells was always reduced. Immunofluorescence for HIV proteins (anti-p24, p18. and GP 120 antibodies used alone or in combination) was negative in all MK cultures, whereas the same antibodies clearly labeled the HIV-infected U 937 cell line (data not shown).
In situ hybridization was performed in all cultures in which sufficient numbers of MK could be recovered (Table   1 ). When the p actin probe was used, all cells were positively labeled after 1 week of exposure (Fig SA) . In contrast, no significant hybridization was observcd with the HIV probe even after a long exposure period (over 3 weeks) (Fig SR) , as compared with normal noninfected cultured MK (Fig 5C) . The U937 HIV-infected cells were used as a positive control for the HIV were slight (about 10%). However, when the number of silver grains exceeded 500 per MK, the precise number could not be determined and these MK were enumerated in a single class (over 500). In experiment (A), the number of silver grains in MK from patients 4, 6, 7, and 8 was counted and compared with the negative control, ie, the number of silver grains in MK from an HIV-negative patient with ITP, hybridized with the same probe. In experiment (B), the same experiment was performed with MK from patients 3 and 13 and compared with the same control. When the A phage probe was used as an internal negative control, nonspecific hybridization was always lower (less than 50 silver grains) than that found with the HIV probe on noninfected MK, even with high stringent washes. (Fig SD) . Interestingly, no hybridization was shown on cultured MK from the five patients in whom HIV transcripts were detected in their fresh marrow MK (compare Figs 3A and 5B).
Few macrophages (<0.1%), the predominant cell type contaminating thc cultures, were labeled (data not shown).
DISCUSSION
HIV-related ITP has similar features to idiopathic ITP""' and appears to be related to the deposition of immune complexes or to the presence of antibodies against platelet glycoproteins. The relationship between HIV infection and immune platelet destruction remains unclear. However, the possible infection of MK by HIV should be taken into account because it could impair marrow compensation of platelet destruction and favor platelet destruction either by expression of viral proteins or by exposure of cryptic antigens on the platelet surface. Correction of thrombocytopenia by zidovudine in HIV-infected patients"," and the recent discovery by Zucker-Franklin and Cao16 of HIVinfected MK in patients with AIDS support this hypothesis.
We, therefore, investigated whether HIV transcripts or proteins could be detected in fresh or cultured MK of HIV-infected ITP patients. HIV infection of fresh MK but not of cultured MK could be shown. This difference may be an indication of the cellular stage at which HIV infects hematopoietic cells.
HIV transcripts were found on fresh MK by in situ hybridization. However, our results differ slightly from those of Zucker-Franklin and Cao" because HIV transcripts were not detected in all our patients and only a fraction of the MK in a given patient clearly express HIV transcripts. These discrepancies are probably related to differences in the patient populations studied, ie, the majority in our study were AIDS-free, whereas all those in that of Zucker-Franklin and Cao had AIDS. Moreover, we detected small amounts of HIV proteins in three cases by means of immunofluorescence. Further studies will be required to show whether it is related to an integration of HIV in MK genome or to an uptake" directly or via the Fc receptors and immune complexes.'s This first hypothesis seems more likely because Zucker-Franklin et aIz4 have shown that HIV may hc trappcd in thc dcmarcation mcmbrancs of MK and platclcts.
In contrast, HIV transcripts and protcins wcrc not dctcctcd by in situ hybridization or immunolabeling in MK diffcrcntiating in vitro from thc CFU-MK, even in the c a m in which frcsh MK wcrc infcctcd. In addition, thc absolute numbcr of MK in culturc was diminishcd in comparison with that obtaincd with normal marrows. Howcvcr, thc proportion and morphology of MK ohtaincd in vitro from thc marrow of non-AIDS paticnts did not diffcr from thosc of normal subjects. Thcsc rcsults confirm that ITP in asymptomatic HIV-infcctcd paticnts is not duc to a major dcfcct in megakaryocytopoicsis. In contrast, in AIDS, thromhocytopcnia may bc rclatcd to dcfcctivc mcgakaryocytopoicsis, as prcviously dcscribcd.'h.'h bccausc no MK could bc grown in vitro from thc marrow of somc AIDS paticnts.
Scveral explanations for the diffcrences between MK ohtaincd in vivo and in vitro can be fonvardcd. Thc first cxplanation is that MK progcnitors. CFU-MK, arc not infcctcd by HIV and that the virus infccts MK during thcir terminal diffcrcntiation in thc marrow. It is not yet clcar whcthcr hcmatopoictic progcnitors arc infcctcd by HIV. Somc reports havc shown that thcse cclls arc infcctcd by HIV, but thcsc rcsults arc all based on indirect cvidcnccs. Donahuc ct all' havc shown that anti-Gp 120 antibodics inhibit thc growth of hcmatopoictic progcnitors (burstforming unit-erythroid [BFU-E] and granulocytc-macrophagc colony-forming unit [CFU-GM]) from HIV-infcctcd paticnts but not from normal subjccts. In. addition, it has bccn shown that normal purificd progcnitors can be infcctcd by HIV in vitro. although, aftcr culturc, HIV was only dctcctcd in macrophagc-likc cells." In contrast, morc rcccntly, Lacr ct a!' -and Molina ct a!" havc shown that HIV gcnomc is not dctcctcd by PCR in CD34' marrow cclls or in hcmatopoictic progcnitor-dcrivcd colonics from HIVinfcctcd paticnts. rcspcctivcly.":" Thcrcforc, thcrc is no cvidcncc that CFU-MK arc infcctcd by HIV and, wc cannot, thus, cxcludc thc possibility that MK arc infcctcd during tcrminal diffcrcntiation. This hypothcsis is strcngthcncd by thc prcscncc of CD4, thc ccllular rcccptor for Gp 120,'9.u' on maturc MK bccausc it has bccn rcccntly rcportcd that a fraction of MK strongly cxpress the CD4 molcculc." In addition thc prcscncc of CD4 on the majority of leukemic cell lincs with an MK phcnotypc (HEL. MEG 01, CMK)" (personal rcsults) is consistcnt with thc prcsencc of low amount of CD4 on MK. Howcvcr, absence of CD4 on MK would not totally cxcludc infcction by HIV bccausc infcction of CD4-ncgativc cclls has bccn rcccntly dcscribcd."
Thc sccond hypothesis is that CFU-MK arc infcctcd, but arc unablc to diffcrcntiatc in vitro. It has bccn reportcd that hcmatopoictic progcnitor cclls from HIV-infcctcd paticnts For personal use only. on August 30, 2017 . by guest www.bloodjournal.org From are decreased in r~u m b e r~~.~~; the reasons remain unclear but it cannot be excluded that infection of these progenitors by HIV leads to defective differentiation in vitro. A last hypothesis remains that MK are not truly infected but are able to uptake the virus. In this case, the absence of virus in the liquid culture may explain why cultured MK do not express HIV transcripts.
The mechanisms by which a possible MK infection by HIV may favor the immune destruction of platelets remain unknown. It is noteworthy that anti-HIV antibodies were eluted from the platelet surface of all the patients studied here. Karpatkin et a19 assumed that such eluted anti-HIV antibodies belonged to immune complexes and were k e d to the platelet surface by Fc receptors.' However, we provide evidence that viral proteins are expressed by MK. Therefore, viral antigens may be present on the platelets of some patients, but at a low antigenic density, rendering their detection extremely difficult but leading to platelet destruction by anti-HIV antibodies. In the patients studied here, antiplatelet antibodies were also detected in the serum. In most cases, they are probably directed against components of the GPIIb/IIIa complex because they do not bind to thrombasthenic type I platelets.' The alternative hypothesis is that some anti-HIV antibodies are crossreactive with platelet determinants. Indeed, we have recently observed the presence of such antibodies in one patient (unpublished result). Infection of MK by HIV may thus favor the emergence of cross-reactive antibodies between HIV and platelets by unmasking some cryptic antigens on the platelet surface.
In conclusion, this study shows that infection of MK occurs in patients with ITP. Further investigations will be required to determine the precise relationships between HIV infection of MK and pathogenesis of these thrombocytopenia.
